A new algorithm for the inverse kinematics of a kind of 6R serial robot was introduced. Firstly, the positions of all the joint points are determined with the help of the basic geometric entities, such as sphere, circle, line, plane and so on. Then, the angles of each joint are computed by the inner product between line and line or plane and plane. The proposed algorithm gives a new geometrically intuitive approach for solving the inverse kinematics of the robot.
Introduction
The inverse kinematics of the robot is the fundament of trajectory planning and motion controlling, which is the research key of the kinematics of robot. For the serial robot, the forward kinematics is easy to be solved while the inverse kinematics is very difficult because of the coupling of the joints. The research of the inverse kinematics of the robot is mainly on the existence of the solution and the algorithm of the inverse kinematics. There are many methods for the inverse kinematics of the robot, such as methods of vector algebra [1] , matrix [2] , dual matrix [3] , spherical trigonometry [4] , dual quaternions [5] , double quaternions [6] and so on. But they all need a quantity of algebra and matrix operation depending on modeling of the coordinates, and so the solution of the inverse kinematics is very complicated and difficult.
Conformal geometric algebra (CGA) is a new tool for geometric representation and computation, including both Grassmann-Cayley algebra which unifies the incidence of point, line, plane, circle, sphere and Clifford algebra which represents geometric transformation by Spin Group [7] . Currently the CGA is popularly used in the computer graphics, computer vision, robotics and so on. This paper firstly introduces the foundation of the CGA, then solves the inverse kinematics of a kind of 6R serial robot using CGA which is a new approach for the inverse kinematics of serial robot giving a geometrical modeling and easy solving with low symbolic complexity and unification.
The Foundation of Conformal Geometric Algebra
CGA is the geometric algebra based on the conformal model of the Euclid geometric, which integrates many other mathematical systems like vector algebra, quaternion, Grassmann algebra and complex numbers into one algebra framework. At the same time, CGA treats geometric objects and operators on these objects in one algebra. Furthermore, it allows for simple, compact, coordinate-free and dimensionally fluid formulations.
Conformal Geometric Algebra. CGA is the geometric algebra based on the conformal model of the Euclid geometric. The n dimensional Euclidean vector space n R is embedded into (n+2) dimensional space 
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can be introduced by 
with 0 e representing the 3D origin and ∞ e representing the point at infinity. Compared with 3D Euclidean vector space, 5D conformal geometric algebra adds two other dimensions.
The Conformal Geometric Entities. The conformal geometric entities, such as point, line, plane, circle, sphere and so on, can be expressed with low symbolic complexity and unification. Table 1 lists the two representations of the conformal geometric entities. Please find details in [8] . In the table, x and n are marked bold to represent 3D entities, with x indicating point and n indicating the normal vector of plane. i S represents different spheres, and i π represents different planes. There are two representations of the basic geometric entities which are dual to each other. Operation of Geometric Entities. In CGA, the representations of all entities have explicit geometric meaning, operation between which yields geometric entities. For example, intersection between a sphere and a sphere results a circle; intersection between a plane and a plane results a line; intersection between a circle and a plane results a point pair; intersection between a sphere and a line results a point pair, to name a few. In CGA, the projection of a line onto a plane is got by
Solution of the inverse kinematics
The serial robot has six degrees of freedom: joint 1 P rotating around X-axis, joint 2 P , 3 P , 4 P rotating around Y-axis, joint 5 P rotating around X-axis, joint 6 P rotating around Z-axis. And the Fig. 6 shows the diagram of the mechanism of 6R serial robot. Table 2 shows the known and unknown parameters of the inverse kinematics. The inverse kinematics of the serial robot is to find the values 1 θ~6 θ of all the joint points given the position of the end effecter t P , the plane t π , and the direction n of the gripper. We choose the points 1 (0,1, 0) = x , 2 (1, 0, 0) = x in 3D Euclid space as the auxiliary points, which must be translated into points in 5D conformal space, that is The algorithm of the inverse kinematics of the 6R serial robot can be separated in the following steps:
(1) Determine the position of joint points 5 P , 6 P Since the join 6 P rotates only around the Z-axis, the joints 5 P , 6 P , t P are in one line, that is, they are on the direction n of the gripper. So the translator T of joint 6 P is computed as 8
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And the position of joint 6 P is 6 t P TPT = (11) Similarly, the translatorT of joint 5 P is computed as
Then the position of joint 5 P is
(2) Determine the position of joint point 4 P From the Fig. 6 we can know that 1 P , 2 P , 3 P , 4 P , 5 P define a plan 2 π which includes the X-axis. 
In CGA, 5 S is represented with the help of its center point 5 P and its radius 4 L as
The proj L intersects sphere 5 S , resulting in a point pair
We have to choose one point from the resulting point pair as the joint point 4 P . (3) Determine the position of joint points 1 P , 2 P According to the Fig. 6, 1 P locates in the origin point 0 e and 2 P is on the X-axis which has a distance 1 L from the origin point, so 
